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TITLE OF THE INVENTION 

Semiconductor Laser Device and Method of Manufacturing 
the Same 

5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor laser 
device preferably applied to an optical disk system or the like 
and a method of manufacturing the same. 

10 

Description of the Prior Art 

The Internet and electronic mails have rapidly come into 
wide use in recent years, leading to increasing enlargement 
of the personal computer market. Optical disk systems 

15 employing disk- shaped optical recording media such as CD-ROMs 
or DVD-ROMs are indispensable as the storage media for personal 
computers. In such optical disk systems, transition from a 
reproduction only type to a writing type and to a rewritable 
type is getting obvious. 

20 A semiconductor laser device, which is a key device for 

an optical disk system, is strongly required to have a high 
output in order to improve the writing speed of the optical 
disk system. 

Fig. 17 shows the basic structure of a typical 
25 conventional ridge type semiconductor laser device. In the 
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case of a GaAs -based semiconductor laser device, for example, 
an n-type buffer layer 702 of n-type GaAs, an n-type cladding 
layer 703 of n-type AlGaAs, an emission layer of AlGaAs and 
a p-type cladding layer 70 5 of p-type AlGaAs are formed on an 
5 n-type semiconductor substrate 701 of n-type GaAs. 

The p-type cladding layer 705 has a striped ridge portion 
provided with a central portion having a larger thickness than 
those of flat side portions for transverse mode control of the 
semiconductor laser device. An n-type blocking layer 706 of 

10 n-type AlGaAs is formed on the side surfaces and flat surfaces 
of the p-type cladding layer 705, in order to limit a current 
injection region. 

Further, a p-type contact layer 707 of p-type GaAs is 
formed on the p-type cladding layer 705 and the n-type blocking 

15 layer 706. An n-type electrode 708 is formed on the rear 
surface of the n-type semiconductor substrate 701, while a 
p-type electrode 709 is formed on the p-type contact layer 707. 

The p-type contact layer 707, having a smaller band gap 
than that of the emission layer 704, absorbs some of light 

20 generated in the emission layer 704. A laser beam is strongly 
confined in the stack direction of the semiconductor layers 
due to this absorption, to increase light density on the front 
facet of the laser device. 

When the light density is increased on the front facet 

25 of the laser device, the aforementioned conventional 
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semiconductor laser device is readily broken on the front facet . 
In order to increase the output of the semiconductor laser 
device, therefore, the light density on the front facet may 
be reduced by increasing the height H as well as the lower width 
5 W of the ridge portion. 

When the height H of the ridge portion is increased in 
the semiconductor laser device shown in Fig. 17 provided with 
the ridge portion of a forward mesa structure having an upwardly 
reduced width, however, the width of the upper surface of the 
10 ridge portion is so reduced that a current hardly flows. 
Therefore, increase of the height H of the ridge portion is 
limited. 

When the lower width W of the ridge portion is increased, 
on the other hand, it is difficult to confine light in the 

15 parallel direction to the junction plane and a horizontal 
divergence angle of the laser beam is abruptly reduced. 
Therefore, the difference between the horizontal and vertical 
divergence angles of the laser beam is increased to result in 
a problem such as deterioration of light gathering power or 

20 the like. When changing the width W, further, the horizontal 
divergence angle so remarkably changes that it is difficult 
to adjust the horizontal divergence angle. 

In a semiconductor laser device provided with a ridge 
portion of a reverse mesa structure having an upwardly 

25 increased width, the width of the upper surface of the ridge 
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portion is not reduced also when the height of the ridge portion 
is increased, and hence the aforementioned problem of the 
current is not caused in this case. However, a problem caused 
by increasing the bottom width of the ridge portion still 
5 remains . 

SUMMARY OF THE INVENTION 

The present invention has been proposed in consideration 
of the aforementioned disadvantages of the prior art, and an 

10 object thereof is to provide a semiconductor laser device 
capable of suppressing reduction of a horizontal divergence 
angle of a laser beam and readily adjusting the horizontal 
divergence angle of the laser beam also when increasing the 
output of the laser beam. 

15 Another object of the present invention is to provide 

a method of manufacturing a semiconductor laser device, which 
can readily manufacture a semiconductor laser device capable 
of suppressing reduction of a horizontal divergence angle of 
a laser beam and readily adjusting the horizontal divergence 

20 angle of the laser beam also when increasing the output of the 
laser beam. 

A semiconductor laser device according to an aspect of 
the present invention comprises a substrate, a first 
conductivity type cladding layer, an emission layer, a second 
25 conductivity type cladding layer containing Al as a group III 
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element and formed, with a ridge portion and a current blocking 
layer, formed on the second conductivity type cladding layer 
around the ridge portion, containing Al as a group III element 
in this order, while an angle 6 of inclination on the side 
5 surfaces of the ridge portion with respect to the upper surface 
of the substrate is at least 70° and not more than 117°, the 
distance t between the emission layer and the current blocking 
layer satisfies the relation of t ^ 0.275/(1 - (X2 - XI)) [fxm] 
assuming that XI represents the composition ratio of Al in group 

10 III elements forming the second conductivity type cladding 
layer, X2 represents the composition ratio of Al in group III 
elements forming the current blocking layer and t represents 
the distance, and a lower width W of the ridge portion is at 
least 2 [im and not more than 5 \xca. 

15 The semiconductor laser device having such a structure 

exhibits small change of a horizontal divergence angle of a 
laser beam also when the lower width W of the ridge portion 
is increased for attaining a high output. Further, the 
distance between the emission layer and the current blocking 

20 layer is so set as not abruptly reduce the horizontal divergence 
angle of the laser beam. In addition, the lower width W of 
the ridge portion is set in a range not abruptly increasing 
an operating voltage. 

When the current blocking layer is formed by a plurality 

25 layers, the current blocking layer nearest to the ridge portion 
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has the Al composition X2 . The lower width W of the ridge 
portion stands for the length of the lowermost part of the ridge 
portion in a direction perpendicular to a cavity. 

In particular, the first conductivity type cladding 
5 layer preferably contains Al and Ga as group III elements and 
XI preferably represents the composition ratio of Al in the 
sum of the contents of Al and Ga, while the current blocking 
layer preferably contains Al and Ga as group III elements and 
X2 preferably represents the composition ratio of Al in the 
10 sum of the contents of Al and Ga. In this case, the 
aforementioned effects are remarkable. 

The second conductivity type cladding layer is 
preferably made of Al^Ga^As , and the current blocking layer 
is preferably made of Al^Ga^As . Thus, the aforementioned 
15 effects are further obvious. 

The distance t may satisfy the relation of t ^ 0.252/(1 
- (X2 - XI) ) [urn] . In this case, the horizontal divergence angle 
of the laser beam is less reduced but attains a value exceeding 
a constant level. 
20 In particular, the distance t is preferably at least 0 . 15 

\xm. In this case, the horizontal divergence angle exhibits a 
small fluctuation width regardless of fluctuation of the 
distance t. 

The distance t is more preferably at least 0.2 \xm. In 
25 this case, the horizontal divergence angle exhibits a smaller 
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fluctuation width when the distance t fluctuates. 

The upper surface of the substrate is preferably the {100} 
plane or inclined by several degrees from the {100} plane, and 
the ridge portion preferably extends in the <011> direction. 
5 Alternatively, the upper surface of the substrate is preferably 

the {100} plane or inclined by several degrees from the {1 
00} plane, and the ridge portion preferably extends in the <0 

11> direction. 

In the semiconductor laser device having such a plane 

10 orientation, the ridge portion having the angle 6 of inclination 

of at least 70° and not more than 117° on the side surfaces with 

respect to the upper surface of the substrate can be readily 

formed. 

A method of manufacturing a semiconductor laser device 
15 according to another aspect of the present invention comprises 
steps of forming a first conductivity type cladding layer, an 
emission layer, a second conductivity type first cladding layer 
having a prescribed thickness, an etching stop layer and a 
second conductivity type second cladding layer having a 
20 composition ratio XI of Al in group III elements on a substrate 
in this order, partially removing the second cladding layer 
thereby forming a ridge portion having an angle 6 of inclination 
of at least 70° and not more than 117° on the side surfaces with 
respect to the upper surface of the substrate and a lower width 
25 W of at least 2 \im and not more than 5 [iia and forming a current 



blocking layer on both sides of the ridge portion so that the 
distance t between the upper surface of the second conductivity 
type second cladding layer exposed around the ridge portion 
and the emission layer satisfies the relation of t ^ 0.275/(1 
5 - (X2 - XI)) [nm] assuming that X2 represents the composition 
ratio of Al in group III elements and t represents the distance. 

According to this method of manufacturing a 
semiconductor laser device, it is possible to readily 
manufacture a semiconductor laser device exhibiting small 

10 change of a horizontal angle of a laser beam also when the lower 
width W of the ridge portion is increased for attaining a high 
output, having the distance between the emission layer and the 
current blocking layer set in a range not abruptly reducing 
the horizontal divergence angle of the laser beam and having 

15 the lower width W of the ridge potion set in a range not abruptly 
increasing an operating voltage. 

In particular, the first conductivity type cladding 
layer preferably contains Al and Ga as group III elements and 
has the composition ratio XI of Al in the sum of the contents 

20 of Al and Ga, while the current blocking layer preferably 
contains Al and Ga as group III elements and has the composition 
ratio X2 of Al in the sum of the contents of Al and Ga. In 
this case, the aforementioned effects are remarkable. 

The second conductivity type first and second cladding 

25 layers are preferably made of Al xl Ga 1 _ xl As , and the current 
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blocking layer is preferably made of Al^Ga^xjAs . Thus, the 
aforementioned, effects are further obvious . 

The distance t may satisfy the relation of t ^ 0.252/(1 
-(X2-X1)) [pm]. In this case , the horizontal divergence angle 
5 of the laser beam is less reduced but attains a value exceeding 
a constant level. 

In particular, the distance t is preferably at least 0.15 
um. In this case, the horizontal divergence angle exhibits a 
small fluctuation width regardless of fluctuation of the 
10 distance t . 

Further, the distance t is preferably at least 0.2 ^im. 
In this case, the horizontal divergence angle exhibits a 
smaller fluctuation value when the distance t fluctuates. 

The upper surface of the substrate is preferably the {100} 
15 plane or inclined by several degrees from the {100} plane, and 
the step of forming the ridge portion preferably includes steps 
of forming a mask extending in the <011> direction and 
performing etching with the mask. Alternatively, the upper 

surface of the substrate is preferably the {100} plane or 

20 inclined by several degrees from the {100} plane, and the step 
of forming the ridge portion preferably includes steps of 

forming a mask extending in the <011> direction and performing 
etching with the mask. 
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According to this method, it is possible to readily form 
a ridge portion having the angle 0 of inclination of at least 
70° and not more than 117° on the side surfaces, with respect 
to the upper surface of the substrate. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more apparent 
from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates the structure of a semiconductor laser 
device according to the present invention; 

Figs. 2(a), 2(b), 3(c) and 3(d) illustrate a method of 
manufacturing the semiconductor laser device according to the 
present invention; 

Fig. 4 illustrates the structure of a semiconductor laser 
device having a ridge portion of a forward mesa structure 
according to the present invention; 

Fig. 5 illustrates the structure of a semiconductor laser 
device having a ridge portion of a reverse mesa structure 
according to the present invention; 

Figs. 6(a) , 6(b) and 7(a) to 7(f) illustrate the relations 
between horizontal divergence angles of laser beams and lower 
widths W of ridge portions; 
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Fig. 8 illustrates the relations between horizontal 
divergence angles of laser beams and distances t between 
emission layers and current blocking layers; 

Figs. 9 to 13 illustrate the relations between a first 
5 critical distance tl and 1/(1 - (X2 - XI)); 

Fig. 14 illustrates the relations between horizontal 
divergence angles of laser beams and lower widths W of ridge 
portions ; 

Fig. 15 illustrates the relation between an operating 
10 voltage and a lower width W of a ridge portion; 

Fig. 16 illustrates the relation between a second 
critical distance t2 and 1/(1 - (X2 - XI)); and 

Fig. 17 illustrates the structure of a conventional 
semiconductor laser device . 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention is now described 
in detail with reference to the drawings. 

Fig. 1 is a sectional view of a semiconductor laser device 
20 according to the embodiment of the present invention. 

In the semiconductor device according to this embodiment , 
an n-type first buffer layer 2 of n-type GaAs , an n-type second 
buffer layer 3 of n-type AlGaAs , an n-type cladding layer 4 
of n-type AlGaAs, an n-type carrier blocking layer 5 of n- 
25 type AlGaAs , a light guide layer 6 of undoped AlGaAs and an 
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active layer 7 of an undoped multiple quantum well structure 
are successively formed on an n-type semiconductor substrate 
1 of n-type GaAs. The n-type semiconductor substrate 1 is a 
slightly inclined substrate having an upper surface inclined 

5 from the (100) plane by several degrees (4° in the [Oil] 

direction in this embodiment) in the <011> direction on the 
plane . 

The active layer 7 is formed by alternately stacking three 
quantum well layers 71 of undoped GaAs and two barrier layers 
10 72 of undoped AlGaAs. 

A light guide layer 8 of undoped AlGaAs, a p-type carrier 
blocking layer 9 of p-type AlGaAs and a p-type first cladding 
layer 10 of p-type AlGaAs are successively formed on the active 
layer 7 . 

15 In the semiconductor laser device according to this 

embodiment, the light guide layer 6, the active layer 7 and 
the light guide layer 8 form an emission layer 100. 

A striped p-type second cladding layer 12 of p-type AlGaAs 
extending toward a cavity and a p-type first contact layer 13 

20 of p-type GaAs are successively stacked on a central portion 
of the p-type first cladding layer 10 through a p-type etching 
stop layer 11 of p-type AlGaAs to form a ridge portion 200. 
The striped ridge portion 200 extends in the <011> direction 
on the upper surface of the n-type semiconductor substrate 1. 

25 A first current blocking layer 14 of undoped AlGaAs, an 
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n-type second current blocking layer 15 of n-type AlGaAs and 
an n-type third current blocking layer 16 of n-type GaAs are 
successively formed on both side surfaces of the p-type second 
cladding layer 12 and the p-type first contact layer 13 forming 
5 the ridge portion 200 and flat surface portions of the p-type 
first cladding layer 10 located on both sides of the ridge 
portion 200. 

A p-type second contact layer 17 of p-type GaAs and a 
p-type third contact layer 18 of p-type GaAs are successively 

10 formed over the p-type first contact layer 13 and the n-type 
third current blocking layer 16. 

A p-type electrode 19 is formed on the p-type third 
contact layer 18, and an n-type electrode 20 is formed on the 
rear surface of the n-type semiconductor substrate 1. 

15 Figs. 2(a) to 3(d) illustrate a method of manufacturing 

the semiconductor laser device according to this embodiment . 

First, the n-type first buffer layer 2, the n-type second 
buffer layer 3, the n-type cladding layer 4, the n-type carrier 
blocking layer 5, the light guide layer 6, the active layer 

20 7, the light guide layer 8, the p-type carrier blocking layer 
9, the p-type first cladding layer 10, the p-type etching stop 
layer 11, the p-type second cladding layer 12 and the p-type 
first contact layer 13 are successively grown on the upper 
surface of the n-type semiconductor substrate 1 inclined from 

25 the (100) plane by several degrees (4° in the [011] direction 
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in this embodiment) in the <011> direction on the plane by MOCVD 
(metal-organic chemical vapor deposition) or MBE (molecular 

beam epitaxy) at a growth temperature of 700 to 900°C. Table 

1 shows the materials, Al composition ratios, thicknesses and 

carrier concentrations of the respective layers 2 to 13. The 

Al composition ratio is expressed by X (the atomic 

concentration ratio of Al to the sum of the contents of Al and 

Ga) in AlxGa^xAs . The carrier concentration of the n-type 

semiconductor substrate 1 is 2 x 10 18 cm" 3 . 
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Table 1 





Material 


Al 

Composition 
Ratio (Atomic 
Concent 3rat ion 
Ratio) 


Thicknes s 
(nm) 


Carrier 

Concentration 

(cm 3 ) 


n-Type 
Buffer 


GaAs 


0 


500 


3X10 17 


n-Type 
Buffer 
Layer 3 


AlGaAs 


0.18 


100 


5X 10 17 


n-Type 
Cladding 
Layer 4 


AlGaAs 


0.45 


2700 


5X10 17 


n-Type 
Carrier 
Blocking 
Layer 5 


AlGaAs 


0.5 


50 


5X10 17 


Light 
Guide 
Layer 6 


AlGaAs 


0.35 




undopecL 


Quantum 
Well 
Layer 7 1 


AlGaAs 


0 . 106 


7 


undoped 


Barrier 
Layer 7 2 


AlGaAs 


0.35 


8 


undoped 


Light 
Guide 
Layer 8 


AlGaAs 


0.35 




undoped 


p-Type 
Carrier 
Blocking 
Layer 9 


AlGaAs 


0.5 


50 


1X10 18 


P ~ Type 

Cladding 
Layer 10 


AlGaAs 


0.45 


0-400 


1X10 18 


p-Type 

Etching 

Stop 

Layer 11 


AlGaAs 


0.7 


20 


8X10 17 


p-Type 
Second 
Cladding 
Layer 12 


AlGaAs 


0.45 


2700 


8X10 17 
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p-Type 


GaAs 


0 


200 


4X10 18 


First 










Contact 










Layer 13 











In order to grow the n-type first buffer layer 2, AsH 3 



and TMG are employed as material gas and H 2 Se is employed as 
dopant gas. In order to grow the n-type second buffer layer 
3, the n-type cladding layer 4 and the n-type carrier blocking 
5 layer 5 , AsH 3 , TMG and TMA are employed as material gas and H 2 Se 
is employed as dopant gas. In order to grow the light guide 
layer 6, the active layer 7 and the light guide layer 8, AsH 3 , 
TMG and TMA are employed as material gas. In order to grow 
the p-type carrier blocking layer 9, the p-type first cladding 
10 layer 10, the p-type etching stop layer 11 and the p-type second 
cladding layer 12, AsH 3 , TMG and TMA are employed as material 
gas and DEZ is employed as dopant gas. In order to grow the 
p-type first contact layer 13, AsH 3 and TMG are employed as 
material gas and DEZ is employed as dopant gas. 
15 AsH 3 stands for arsine, TMG stands for trimethyl gallium, 

TMA stands for trimethyl aluminum, H 2 Se stands for hydrogen 
selenide, SiH 4 stands for monosilane and DEZ stands for 
diethylzinc. 

Well, when growing various AlGaAs layers on GaAs 
20 substrates by 2 p at various ratios of supply quantities of 
TMG and TMA and measuring an angle of reflection from the (004) 
plane of the each AlGaAs layer by X-ray analysis for obtaining 
the Al composition ratio of each AlGaAs layer, it was possible 
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to confirm that the Al composition ratio in the AlGaAs layer 
matches with the ratio of the supply quantities of TMG and TMA, 
i.e. , the ratio TMA supply quantity/ (TMG supply quantity + TMA 
supply quantity). Thus, it was possible to confirm that the 
5 Al composition ratio in each of the aforementioned layers 2 
to 13 matches with the ratio of the supply quantities of the 
raw materials TMG and TMA, i.e., the ratio of the TMA supply 
quantity to (TMG supply quantity + TMA supply quantity) . 

In this case, therefore, the Al composition ratio in each 
10 of the layers 2 to 13 was adjusted by adjusting the ratio of 
the supply quantities of TMG and TMA. The supply quantities 
of the material gas were controlled with mass flow controllers 
(MFCS) . 

After growing the layers 2 to 13 in the aforementioned 
15 manner, an oxide film of Si0 2 or the like is formed on the p-type 
first contact layer 13 and thereafter removed by general 
photolithography while leaving a central striped region, 
thereby forming a striped oxide film 21 on the p-type first 
contact layer 13. At this time, the striped oxide film 21 is 
20 formed to extend in the <011> direction on the upper surface 
of the n-type semiconductor substrate 1. 

Then, the p-type first contact layer 13 , the p-type second 
cladding layer 12 and the p-type etching stop layer 11 are 
removed by etching through the oxide film 21 serving as a mask 
25 until the p-type first cladding layer 10 is exposed, as shown 
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in Fig. 2{b). Thus, the striped ridge portion 200 is formed 
under the oxide film 21. The striped ridge portion 200 extends 
in the <011> direction on the upper surface of the n-type 
semiconductor substrate 1. 
5 The layers 13, 12 and 11 may be removed by either wet 

etching or dry etching. The etching stop layer 11 may 
alternatively be prepared from GaAs , for example, so far as 
the difference between the Al composition ratios of the etching 
stop layer 11 and the p-type second cladding layer 12 is in 

10 excess of a constant level. 

The angle 6 (equal to the angle formed by the side surfaces 
of the ridge portion 200 and the upper surface of the p-type 
etching stop layer 11 in this embodiment) of inclination of 
the side surfaces of the ridge portion 200 with respect to the 

15 n-type semiconductor substrate 1 can be set to a prescribed 
value described below in detail by controlling the relation 
between the plane orientation of the upper surface of the 
semiconductor substrate 1 and the striped direction of the 
ridge portion 200, the contents of hydrogen peroxide and water 

20 and the temperature in wet etching or energy of ions in reactive 
ion etching or reactive ion beam etching. 

When employing wet etching, the angle 6 of inclination 
on the side surfaces of the ridge portion 200 can be readily 
set in excess of 70° by selecting the direction of extension 

25 of the striped oxide film 21 along the <011> direction. When 
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forming the ridge portion 200 by dry etching, the angle 0 of 
inclination on the side surfaces of the ridge portion 200 can 
be readily set in excess of 70° regardless of the direction 
of extension of the oxide film 21. Also in the case of the 
5 dry etching, the angle 6 of inclination on the side surfaces 
of the ridge portion 200 can be set in excess of 70° under 
conditions not damaging the etching surface by selecting the 
direction of extension of the striped oxide film 21 along the 
<011> direction. 

10 A lower width W of the ridge portion 200 can be set to 

a prescribed value described below in detail by controlling 
the thickness of the p-type second cladding layer 12, the width 
of the oxide film 21, the angle 0 of inclination on the side 
surfaces of the ridge portion 200, the etching time or the like. 

15 The sum of the thicknesses of the p-type carrier blocking 

layer 9 and the p-type first cladding layer 10 is set to a 
prescribed value described below in detail by controlling the 
growth times for forming the p-type carrier blocking layer 9 
and the p-type first blocking layer 10 in the step shown in 

20 Fig. 2(a) and controlling the etching depth by the etching stop 
layer 11 in the step shown in Fig. 2(b). The sum of the 
thicknesses of the p-type carrier blocking layer 9 and the 
p-type first cladding layer 10 defines the distance t between 
the emission layer 100 and the first current blocking layer 

25 14 formed in a subsequent step. 
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Then, the undoped first current blocking layer 14, the 
n-type second current blocking layer 15 and the n-type third 
current blocking layer 16 are selectively grown on the flat 
surface portions of the p-type second cladding layer 10 located 
5 on both sides of the ridge portion 200 and the side surfaces 
of the ridge portion 200 through the oxide film 21 serving as 
a mask at a growth temperature of 600 to 900°. At this time, 
these layers 14 to 16 are not grown on the oxide film 21. Table 
2 shows the materials, Al composition ratios, thicknesses and 
10 carrier concentrations of the layers 14 to 16. The Al 
composition ratio of the first current blocking layer 14 is 
set in a range satisfying conditions described below in detail. 



Table 2 





Material 


Al 

Composition 
Ratio (Atomic 
Concentration 
Ratio) 


Thickness 
( Mm) 


Carrier 

Concentration 

(cm" 3 ) 


First 
Current 
Blocking 
Layer 14 


AlGaAs 


X 2 

(0.5-0.8) 


1.0 


undoped 


n-Type 
Second 
Current 
Blocking 
Layer 15 


AlGaAs 


x 2 

(0.5-0.8) 


0.25 


3X10 18 


n-Type 
Third 
Current 
Blocking 
Layer 16 


GaAs 


0 


0.25 


5X10 17 



21 



In order to grow the first current blocking layer 14, 
AsH 3 , TMG and TMA are employed as material gas. In order to 
grow the n-type second current blocking layer 15, AsH 3 , TMG and 
TMA are employed as material gas and H 2 Se is employed as dopant 
5 gas. In order to grow the n-type third current blocking layer 
16 , AsH 3 and TMG are employed as material gas and H 2 Se is employed 
as dopant gas. Also in this case, the Al composition ratios 
are adjusted by adjusting the ratios of the supply quantities 
of TMG and TMA, similarly to the case of the aforementioned 

10 layers 2 to 13. 

Then, the oxide film 21 is removed by wet etching or dry 
etching, and thereafter the p-type second contact layer 17 and 
the p-type third contact layer 18 are grown on the p-type first 
contact layer 13 and the n-type third current blocking layer 

15 16 at a growth temperature of 600 to 900°C. Table 3 shows the 
materials, Al composition ratios, thicknesses and carrier 
concentrations of the layers 17 and 18. 
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Table 3 





Mat er iaX 


Composition 
Ratio 
(Atomic 
Concentratio 
n Ratio) 


T ti i c kn © s s 
( Um) 


Concentration 
(cm -3 ) 


P - Type 
Second 
Contact 
Layer 17 


GaAs 


0 


5.3 


ixio 19 


p-Type 
Third 
Contact 
Layer 18 


GaAs 


0 


0.7 


6X10 15 



In order to grow the p-type second contact layer 17 and 



the p-type third contact layer 18, AsH 3 and TMG are employed 
as material gas and DEZ is employed as dopant gas. The 
5 thickness of the p-type first contact layer 13, which can be 
remarkably reduced without causing any problem on the 
characteristics of the device, may be in the range of at least 
5 nm and not more than 1000 nm. 

Finally, the p-type electrode 19 of CrAu in a thickness 

10 of about 50 nm and Au in a thickness of about 1.5 |im is formed 
on the p-type third contact layer 18 while the n-type electrode 
20 of AuGe/Ni/Au is formed on the rear surface of the n-type 
semiconductor substrate 1 . The semiconductor laser device 
having the structure shown in Fig. 1 is manufactured through 

15 the aforementioned steps. 

With reference to the semiconductor laser device having 
the structure shown in Fig. 1, a plurality of types of samples 



23 



were prepared, by setting the angle 0 (corresponding to the angle 
8 formed by the side surfaces of the ridge portion 200 and the 
upper surface of the etching stop layer 11 in this embodiment) 
at 55°, 70°, 80°, 90°, 100°, 110°, 117° and 125° respectively. 
5 Each sample of the semiconductor laser device had the ridge 
portion 200 of the forward mesa structure shown in Fig. 4 when 
the angle 8 of inclination was set to 55°, 70° and 80°, while 
each sample of the semiconductor laser device had the ridge 
portion 200 of the reverse mesa structure shown in Fig. 5 when 

10 the angle 8 of inclination was set to 100°, 110°, 117° and 125°. 
When the angle 8 of inclination was set to 90°, the sample of 
the semiconductor laser device had the ridge portion 200 having 
upright side surfaces as shown in Fig. 1. 

The angle 0 of inclination was measured by observing the 

15 front facet of each sample with a scanning electron microscope 
(SEM) after preparation of the sample and acquiring a sectional 
SEM image (photograph) of the front facet. At this time, the 
magnification was set to about 6000. The angle formed by the 
side walls of the ridge portion 200 and the flat portion was 

20 measured with a protractor on the obtained SEM image 
(photograph), to obtain the angle 0 of inclination. 

In the samples of the semiconductor laser device having 
the aforementioned different angles 6 of inclination, the lower 
widths W of the ridge portions 200 were varied for measuring 

25 the horizontal divergence angles of the laser beams. Figs. 
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6(a) to 7(f) show the results. In each sample of the 
semiconductor laser device, the thickness of the p-type second 
cladding layer 12 was 2000 nm. 

As understood from Figs. 6(a) and 6(b) , the horizontal 
5 divergence angles of the laser beams were remarkably reduced 
when increasing the lower widths W of the ridge portions 200 
in the samples having the angles 0 of inclination set to 55° 
and 125° respectively. 

As understood from Figs. 7(a) to 7(f), the horizontal 

10 divergence angles of the laser beams were hardly reduced also 
when the lower widths W of the ridge potions 200 were increased 
up to 5 ^iri in the samples having the angles 6 of inclination 
set to 70°, 80°, 90°, 100°, 110° and 117° respectively. 

As to the semiconductor laser device having the ridge 

15 portion 200 of the reverse mesa structure with the angle 0 of 
inclination of 100° and the lower width W of 4 [Jin shown in Fig. 
5, four types of samples were prepared by setting the Al 
composition ratio X2 of the first current blocking layer 14 
and the n-type second current blocking layer 15 to 0.55, 0.62, 

20 0.7 5 and 0.80 respectively, for investigating the relation 
between the distance t between the emission layer 100 and the 
first current blocking layer 14 (the sum of the thicknesses 
of the n-type carrier blocking layer 9 and the p-type first 
cladding layer 10) and the horizontal divergence angle of the 

25 laser beam in each sample. Fig. 8 shows the results. 



25 



As understood from Fig. 8, the horizontal divergence 
angle of the laser beam is reduced when the distance t is 
increased, while inclination of such reduction of the 
horizontal divergence angle is reduced when the distance t 
5 exceeds 0.15 |xm and the inclination of the reduction of the 
horizontal divergence angle is further reduced when the 
distance t exceeds 0.2 \xm. It is also understood that there 
is a first critical distance tl when the distance t excess a 
certain value abruptly reducing the horizontal divergence 

10 angle. This first critical distance tl is 0.31 when the Al 
composition ratio X2 is 0.55, 0.33 when the Al composition ratio 
X2 is 0.62, 0.39 when the Al composition ratio X2 is 0.75, and 
0.42 when the Al composition ratio X2 is 0.80. 

It is also understood from Fig. 8 that there is a second 

15 critical distance t2, smaller than the first critical distance 
tl, defining the upper limit of a stable distance causing small 
reduction of the horizontal divergence angle also when the 
distance t increases. The second critical distance t2 is 0.28 
when the Al composition ratio X2 is 0.55, 0.31 when the Al 

20 composition ratio X2 is 0.62, 0.36 when the Al composition ratio 
X2 is 0.75, and 0.39 when the Al composition ratio X2 is 0.80. 

In order to investigate the relation between the Al 
composition ratio X2 of the first current blocking layer 14 
and the n-type second current blocking layer 15 and the first 

25 critical distance tl, the relation between the inverse number 
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of a value obtained by subtracting the difference between the 
Al composition ratio X2 of the first current blocking layer 
14 and the n-type second current blocking layer 15 and the Al 
composition ratio XI (0.45 in this embodiment) of the p-type 
5 cladding layers 10 and 12 from 1, i.e. 1/(1 - (X2 - XI)), and 
the first critical distance tl was graphed out. Fig. 9 shows 
the result . 

As understood from Fig. 9, the first critical distance 
tl is proportionate to the inverse number (1/(1 - (X2 - XI))) 

10 of the value obtained by subtracting the difference between 
the Al composition ratios X2 and XI from 1, as expressed in 
a proportional expression tl = 0.275/(1 - (X2 - XI ) ) . In other 
words , the horizontal divergence angle is abruptly reduced when 
the distance t exceeds 0.275/(1 - (X2 - XI)), and hence the 

15 distance t must satisfy the relation of t ^ 0.275/(1 - (X2 - 
XI ) ) in order not to abruptly reduce the horizontal divergence 
angle . 

Also when investigating samples prepared by setting the 
angle 0 of inclination to 70°, 80°, 110° and 117° respectively, 
20 results similar to that shown in Fig. 8 were obtained. When 
graphing out the relation between 1/(1 - (X2 - XI)) and the 
first critical distance tl, results shown in Figs. 10 to 13 
were obtained. 

As understood from Figs. 10 to 13, the distance t must 
25 satisfy the relation of t ^ 0.275/(1 - (X2 -XI)) in order not 
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to abruptly reduce the horizontal divergence angle also when 
setting the angle 6 of inclination to 70°, 80°, 110° and 117°. 

As to the sample of the semiconductor laser device having 
the angle 6 of inclination of 100° on the ridge portion 200, 
5 further samples were prepared by setting the Al composition 
ratio X2 of the current blocking layers 14 and 15 and the 
distance t to 0.80 and 0.10 \xm, 0.75 and 0.20 p and 0.58 and 
0.25 [xm respectively for investigating the horizontal 
divergence angles of the laser beams at various lower widths 

10 W of the ridge portions 200. Fig. 14 shows the results. 

As understood from Fig. 14, the horizontal divergence 
angle of the laser beam is substantially constant when the lower 
width W of the ridge portion 200 is at least 1.5 [\m and not 
more than 5 \im, while the horizontal divergence angle of the 

15 laser beam is abruptly reduced when the lower width W exceeds 
5 [xm. 

As to the sample of the semiconductor laser device having 
the angle 6 of inclination of 100° on the ridge portion 200, 
the Al composition ratio X2 of the current blocking layers 14 
20 and 15 of 0.75 and the distance t2 of 0.20 y.m, the ridge lower 
width W and the operating voltage with an operating current 
of 40 mA were investigated. Fig. 15 shows the results. 

As understood from Fig. 15, the operating voltage is 
abruptly increased when the lower width W of the ridge portion 
25 200 falls below 2 [Am. Therefore, the lower width W must be at 
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least 2 \im. 

In other words, the lower width W of the ridge portion 
200 is preferably at least 2 \xm and not more than 5 [xca in 
consideration of the horizontal divergence angle and the 
5 operating voltage, as understood from Figs. 14 and 15. 

Also as to the second critical distance t2, the relation 
between 1/(1 - (X2 - XI)) and the second critical distance t2 
was graphed out similarly to the first critical distance tl. 
Fig. 16 shows the results. 

10 As understood from Fig. 16, the second critical distance 

t2 is proportionate to the inverse number (1/(1 - (X2 -XI))) 
of the value obtained by subtracting the difference between 
the Al composition ratios X2 and XI from 1, as expressed in 
a proportional expression t2 = 0.252/(1 - (X2 - XI ) ) . In other 

15 words , the distance t must satisfy the relation of 0.252/(1 
- (X2 - XI)) in order to attain a horizontal divergence angle 
(at least 5° in this embodiment) exceeding a constant value 
with small reduction. Similar results were obtained also when 
setting the angle 0 of inclination on the side surfaces of the 

20 ridge portion 200 to 70°, 80°, 110° and 117°. 

While the p-type first cladding layer 10 and the p-type 
second cladding layer 12 have the same Al composition ratio 
in the aforementioned embodiment , the first and second cladding 
layers 10 and 12 may alternatively have different Al 

25 composition ratios. In this case, the second cladding layer 
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12 forming the ridge portion 200 has the Al composition ratio 
XI. 

While the n-type semiconductor substrate 1 is formed by 
the slightly inclined substrate having the upper surface 

5 inclined by 4° from the (100) plane in the <011> direction on 
the plane, results similar to those of the aforementioned 

embodiment were obtained when the angle of inclination was at 
least 0° and not more than 13°. 

As to the plane orientation of the n-type semiconductor 

10 substrate 1, the upper surface may be the {100} plane including 
the (100) plane or may be inclined by several degrees from the 
{100} plane, and the striped ridge portion 200 may extend in 
the <011> direction in this case. In order to form such a ridge 
portion 200, a striped mask extending in the <011> direction 

15 may be prepared. As to the plane orientation of the n-type 

semiconductor substrate 1, the upper surface may be the {1 

00} plane or may be inclined by several degrees from the {1 
00} plane, and the striped ridge portion 200 may extend in the 

<011> direction in this case. In order to form such a ridge 

20 portion 200, a striped mask extending in the <011> direction 
may be prepared. 

While the semiconductor laser device contains Al and Ga 

as the group III elements in the aforementioned embodiment, 

the present invention is also applicable to a semiconductor 

25 laser device containing another group III element such as In. 
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The present invention is further applicable to a semiconductor 
laser device containing P, N and the like as group V elements 
other than As . 

According to the present invention, as hereinabove 
5 described, it is possible to provide a semiconductor laser 
device capable of suppressing reduction of a horizontal 
divergence angle of a laser beam and readily adjusting the 
horizontal divergence angle of the laser beam also when 
increasing the output of the laser beam. 

10 According to the present invention, further, it is 

possible to provide a method of manufacturing a semiconductor 
laser device which can readily manufacture a semiconductor 
laser device capable of suppressing reduction of a horizontal 
divergence angle of a laser beam and readily adjusting the 

15 horizontal divergence angle of the laser beam also when 
increasing the output of the laser beam. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 

20 taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims . 
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WHAT IS CLAIMED IS: 

K semiconductor laser device comprising: 
a substrate; 

5 a first conductivity type cladding layer; 

an emission layer; 

a second conductivity type cladding layer containing Al 
as a group III element and formed with a ridge portion; and 

a current blocking layer, formed on said second 
10 conductivity type cladding layer around said ridge portion, 
containing Al as a group III element in this order, wherein 

an angle 0 of inclination on the side surfaces of said 
ridge portion with respect to the upper surface of said 
substrate is at least 70° and not more than 117°, 
15 the distance t between said emission layer and said 

current blocking layer satisfies the relation of t ^ 0.275/(1 
- (X2 - XI)) E^im] assuming that XI represents the composition 
ratio of Al in group III elements forming said second 
conductivity type cladding layer, X2 represents the 
20 composition ratio of Al in group III elements forming said 
current blocking layer and t represents said distance, and 

a lower width W of said ridge portion is at least 2 
and not more than 5 \xm. 



25 



2. The semiconductor laser device according to claim 1, 
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wherein 



said first conductivity type cladding layer contains Al 
and Ga as group III elements, and XI represents the composition 
ratio of Al in the sum of the contents of Al and Ga, and 



III elements, and X2 represents the composition ratio of Al 
in the sum of the contents of Al and Ga. 

3. The semiconductor laser device according to claim 
10 2 , wherein 

said second conductivity type cladding layer is made of 
Al xl Ga 1 . xl As , and 

said current blocking layer is made of Al X2 Ga 1 . x2 As . 

15 4. The semiconductor laser device according to claim 1, 



said distance t satisfies the relation of t ^ 0.252/(1 
- {X2 - XI) ) [urn] . 



5 



said current blocking layer contains Al and Ga as group 



wherein 



20 



5. 



The semiconductor laser device according to claim 1, 



wherein 



said distance t is at least 0.15 [xm. 



6. 



The semiconductor laser device according to claim 1, 
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wherein 
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said distance t is at least 0.2 \xm. 

7. The semiconductor laser device according to claim 1, 
wherein 



or inclined by several degrees from the {100} plane, and said 
ridge portion extends in the <011> direction. 

8. The semiconductor laser device according to claim 
10 1 , wherein 

the upper surface of said substrate is the {100} plane 
or inclined by several degrees from the {100} plane, and said 
ridge portion extends in the <011> direction. 



device comprising steps of : 

forming a first conductivity type cladding layer, an 

emission layer, a second conductivity type first cladding layer 

having a prescribed thickness, an etching stop layer and a 
20 second conductivity type second cladding layer having a 

composition ratio XI of Al in group III elements on a substrate 

in this order; 

partially removing said second cladding layer thereby 

forming a ridge portion having an angle 9 of inclination of 
25 at least 70° and not more than 117° on the side surfaces with 



5 



the upper surface of said substrate is the {100} plane 



15 




A method of manufacturing a semiconductor laser 
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respect to the upper surface of said substrate and a lower width 
W of at least 2 and not more than 5 ^m; and 

forming a current blocking layer on both sides of said 
ridge portion so that the distance t between the upper surface 
5 of said second conductivity type second cladding layer exposed 
around said ridge portion and said emission layer satisfies 
the relation of t ^ 0.275/(1 - (X2 - XI)) [^im] assuming that 
X2 represents the composition ratio of Al in group III elements 
and t represents said distance. 

10 

10. The method of manufacturing a semiconductor laser 
device according to claim 9 , wherein 

said first conductivity type cladding layer contains Al 
and Ga as group III elements, and XI represents the composition 
15 ratio of Al in the sum of the contents of Al and Ga, and 

said current blocking layer contains Al and Ga as group 
III elements, and X2 represents the composition ratio of Al 
in the sum of the contents of Al and Ga. 



20 11. The method of manufacturing a semiconductor laser 

device according to claim 10, wherein 

said second conductivity type first and second cladding 
layers are made of Al xl Ga x _ xl As , and 

said current blocking layer is made of Al X2 Ga 1 . X2 As . 



25 
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12. The method of manufacturing a semiconductor laser 
device according to claim 9, wherein 

said distance t satisfies the relation of t ^ 0.252/(1 
- (X2 - XI) ) [\im] . 

5 

13. The method of manufacturing a semiconductor laser 
device according to claim 9 , wherein 

said distance t is at least 0.15 ^im. 

10 14. The method of manufacturing a semiconductor laser 

device according to claim 9 , wherein 

said distance t is at least 0.2 \jtm. 



15. The method of manufacturing a semiconductor laser 
15 device according to claim 9 , wherein 

the upper surface of said substrate is the {100} plane 
or inclined by several degrees from the {100} plane, and 

said step of forming said ridge portion includes steps 
of forming a mask extending in the <011> direction and 
20 performing etching with said mask. 



16. The method of manufacturing a semiconductor laser 
device according to claim 9, wherein 

the upper surface of said substrate is the {100} plane 
25 or inclined by several degrees from the {100} plane, and 
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said step of forming said ridge portion includes steps 

of forming a mask extending in the <0 11> direction and 
performing etching with said mask. 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor laser device is characterized in that 
an angle 0 of inclination formed by the side surfaces of a ridge 
portion and a lower part of the ridge portion is at least 70° 
5 and not more than 117°, a p-type cladding layer is made of 
A^Ga^^As , a first current blocking layer is made of Al X2 Gaj__ X2 As , 
the distance between an emission layer and the first current 
blocking layer satisfies the relation of t ^ 0.275/(1 - (X2 
- XI)) assuming that t represents the distance, and a lower 
10 width W of the ridge portion is at least 2 jjun and not more than 
5 ^im. 
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Residence Moriguchi-shi, Qsaka-fu, Japan 

Citizenship Japanese 

Post Office Address c/o SANY O ELECTRIC CO-, LTD., 5-5 Keihanhondori 2-chome, Moriguchi-shi, 
Osaka-fu 570-8677, Japan 

Full name of third inventor (given name, family name) Koutarou Furusawa 

Inventor's Signature Xqu&aou* 'fciw>- Date S-ej^t, l°j , 

Residence Higashiosaka-shi, Osaka-fu, Japan : 

Citizenship Japanese 

Post Office Address c/o SANYO ELECTRIC CO.. LTD.. 5-5 Keihanhondori 2-chome. Moriguchi-shi. 

Osaka-fu 570-8677, Ja pan 

Full name of fourth inventor (given name, family name) Kunio Takeuchi 

Inventor's Signature (<xju*1& JaktucUL^ Date t?£ft. l °l • 2.QQO 

Residence Joyo-shi, Kyoto, Japan 

Citizenship Japanese 

Post Office Address c/o SANY O ELECTRIC CO., LTD., 5-5 Keihanhondori 2-chome, Moriguchi-shi, 
Osaka-fu 570-8677, Jap an 

Full name of fifth inventor (given name, family name) Shigeyuki Okamoto 

Inventor's Signature ^Sfu^ApAcSl e^fzo-vJ-sbv Date ^e^", . j^mn> 

Residence Kobe-shi, Hyogo, Japan 

Citizenship Japanese 

Post Office Address c/o SANYO ELECTRIC CO.. LTD.. 5-5 Keihanhondori 2-chome. Moriguchi-shi. 

Qsaka-fu 570-8677, Jap an 



